The Lowell Center for Sustainable Production has sought to engage scientists, policy-makers, advocates, and students in a broad public discussion about whether the tools and methods of environmental science and its integration in policy are adequate to address complex, highly uncertain environmental and health risks. It did so in an International Summit on Science and the Precautionary Principle and a recent collection of analyses stemming from the summit. Here, the author summarizes some summit recommendations to overcome barriers and build momentum for a vision for science and policy that better reflects uncertainty and complexity in natural systems. Appended is a summit statement on the subject. 275 *
During the last five years, the Lowell Center for Sustainable Production has worked to define the role of environmental science in implementing the precautionary principle. While the precautionary principle has often been viewed as "anti-sound science" or just a risk management principle after "objective" scientific analysis has been completed, we started with the premise that precaution has much to do with the conduct of science and science policy-with what we study, how we study it, and how results and uncertainties are communicated and translated into policy. Environmental science can often implicitly work against precautionary policy, especially when dealing with highly uncertain and complex risks.
The Lowell Center's new collection of analyses on the role of science in implementating the precautionary principle-entitled Precaution, Environmental Science and Preventive Public Policy (2003, Island Press) reflects hundreds of person-years of experience by leading scientists, policy analysts, and legal scholars working to protect health and ecosystems in the face of highly uncertain, complex, and often controversial risks. Although they have struggled with similar issues and barriers in conducting science for policy, these authors, representing a variety of disciplines and regions of the world, had rarely communicated with one another. As a result they lacked the benefits and strength of accumulated understanding and experience. The desire to remedy this situation was the initiative that eventually led to this book.
On September 20-22, 2001 , the Lowell Center for Sustainable Production (www.sustainableproduction.org) hosted the International Summit on Science and the Precautionary Principle. The summit brought together scientists, philosophers, legal scholars, and other environmental and health professionals to explore the relationship between science and the precautionary principle as well as to develop a vision for scientific methods, tools, and policies that would more effectively support precautionary decision-making, particularly in the face of complex, highly uncertain human and ecosystem health risks. Eightyfive representatives from government agencies, academic institutions, research consultancies, professional societies, and nongovernmental organizations attended. They came from 17 countries and represented the fields of medicine, public health, epidemiology, toxicology, ecology, molecular biology, chemistry, botany, law, philosophy, physics, sociology, psychology, economics, geography, conservation biology, evolutionary biology, wildlife biology, virology, marine science, agronomy, and political science.
The summit was the first international opportunity for leading scholars to discuss the role of science in implementing the precautionary principle. The primary goal of the summit, and ultimately of the volume which resulted from it, was to build understanding and support for the role of science in implementing the precautionary principle. The summit established a new community of scientists and other health and environmental professionals, linking individuals working on evaluating risks with individuals working on developing preventive solutions.
Summit discussions-also evident in the volume's chapters-reflected both the complexity of the precautionary principle and the need to understand its role in science and policy. What does the precautionary principle mean in practice? How can it be implemented in everyday practice when there are numerous countervailing strains on resources? The summit discussions did not challenge the importance of precaution in environmental and health decision-making under uncertainty, although participants believed that its application at this most basic level needed further elaboration.
A major focus of the summit discussions was the critical need for more funding to be channeled to interdisciplinary research, examining broader hypotheses. Unfortunately, resources and incentives are generally unavailable for this type of research that would help scientists and decision-makers more comprehensively understand complex risks as well as more effectively support precautionary decisions. Yet funding is critical to defining the questions asked in scientific research. For example, a large percentage of government funding goes into research that is mechanistic, narrow in scope, and limited in time. If funding is not available for research that is interdisciplinary, that is systems-based, or that asks broader questions about problems, prevention opportunities, and long-term goals for human and ecosystem health, such research is not likely to occur.
Participants identified several research and science policy needs that would support more precautionary approaches to policy under uncertainty and complexity:
1. Increased use of integrative assessment frameworks; 2. More use of science to begin with the goals of desired health and environmental outcomes and "backcast"-take steps to reach those outcomesrather than just forecast damage in the future; 3. Development of processes to allow for speculation in environmental research, as well as additional funding for identification of early warnings and situations in which damage could occur; 4. Development of new language to express conclusions and discuss uncertainty and limits in science for policy; 5. Establishment of better methods to assess alternative technologies and activities; 6. Establishment of means to address the problem of a fragmented knowledge base, that is, to overcome the tendency to view problems narrowly and within separate disciplines; and 7. Ways to educate students in interdisciplinary problem solving, including bioethics.
Nonetheless, participants believed that it is currently dangerous for students and researchers to be multidisciplinary or to engage in public interest research. The way we govern and fund science, including the incentive system in research and academia, must be changed to address this problem.
RECOMMENDATIONS
Some of the summit recommendations to overcome barriers and build momentum toward a vision for science and policy that better reflects uncertainty and complexity of natural systems include:
· The need for a new community that links scientists working on evaluating risks with scientists working on preventive solutions. The most important outcome of the summit was the creation of a new community of scientists, dedicated to exploring ways to improve the use of science in decision making, where scientists can support one another's (often controversial) work, as well as candidly discuss ideas and policies. It was noted that science has an important role in both studying the impacts of human development and generating the solutions that would lead us toward more sustainable modes of production and consumption. · The need for transdisciplinary approaches to science and policy. Participants found that interdisciplinary collaborations are the most effective and robust way to conduct science for policy in the face of uncertainty. However, these types of collaborations are the exception rather than the rule and are often frowned upon by funding agencies, government authorities, and professional societies. Participants concluded that "we need to make it safe for transdisciplinarity." · The need for critical self-reflection and discussion. Participants noted that there are insufficient opportunities for scientists to think about their methods, tools, and the implications of the research they do. It is necessary to identify opportunities for scientists to step back from everyday practice and think about whether their work could more effectively support precautionary policies. It is also important to find language to reach out to different scientific communities, to engage them in thinking about new ways of conducting science for policy. Case studies and examples can provide one such vehicle for communication.
· The need to develop specific case examples of ways in which science can better support precautionary, preventive policies. Such cases would examine aspects of scientific methods that could change, including broader hypothesis development, more effective communication of uncertainty, integration of qualitative and quantitative data, and a more effective integration of science in policy. In addition, there is a need to examine problems created by the way science has traditionally been conducted and applied in policy. These case studies can serve as useful educational tools. · The need to identify opportunities in research and regulatory structures for developing and promoting a new vision for science and policy that supports precaution. For example, there may be ways to advocate for changes in government research funding structures so that more interdisciplinary, innovative methods could be undertaken. Participants agreed that the most effective way to proceed with this critical self-reflection and vision is through education, outreach, and debate within professional societies, educational institutions, and government agencies. Ongoing discussion, dialogue, and critical analysis within this new community of scientists are also essential so that knowledge and understanding of these challenging issues can be shared and updated. This discussion should be broadened to include more disciplines (particularly in the social sciences) and more regions of the world, where substantial cultural differences may exist in the application of environmental science in policy.
A VISION
The purpose of the International Summit on Science and the Precautionary Principle and of the resulting volume was to engage scientists, policy-makers, advocates, and students in a broad public discussion about whether the tools and methods of environmental science and its integration in policy are adequate to address complex, highly uncertain environmental and health risks. Dick Levin's article in this issue of New Solutions-Whose Scientific Method? Scientific Methods for a Complex World-ties together many of the themes and challenges facing environmental science and its role in implementing precaution. We believe implementing the precautionary principle requires rethinking environmental science for policy. Through the summit and case studies and overviews presented in the book, participants were able to articulate a consensus on problems with the current paradigm of science, precaution, and policy-making, as well as some clear ideas for what a new paradigm could look like-a vision for environmental science and precaution.
This vision is expressed in the Lowell Statement on Science and the Precautionary Principle (appendix). It reflects the diverse dialogue and input of a vast range of scientists, scholars, experience, and expertise. As one signatory stated, "On its surface the statement is quite rational and logical, but underneath it far-reaching implications for science and policy."
We believe that the Lowell Statement is a critical document in advancing the discussion on precaution. It outlines areas for action and further research and, most important, notes that precaution is entirely consistent with good science and good policy. In this respect, it serves to dissolve the ideological argument that precaution is based on emotion or bad science and refocuses the debate about precaution into one of scientific methods, tools, and policies, as well as their use in decision-making.
APPENDIX: Lowell Statement on Science and the Precautionary Principle December 17, 2001
(For more information and list of signatories see www.sustainableproduction.org)
Growing awareness of the potentially vast scale of human impacts on planetary health has led to a recognition of the need to change the ways in which environmental protection decisions are made, and the ways that scientific knowledge informs those decisions. As scientists and other professionals committed to improving global health, we therefore call for the recognition of the precautionary principle as a key component of environmental and health policy decision-making, particularly when complex and uncertain threats must be addressed.
We reaffirm the 1998 Wingspread Statement on the Precautionary Principle and believe that effective implementation of this principle requires the following elements:
• Upholding the basic right of each individual (and future generations) to a healthy, life-sustaining environment as called for in the United Nations Declaration on Human Rights; • Action on early warnings, when there is credible evidence that harm is occurring or likely to occur, even if the exact nature and magnitude of the harm are not fully understood; • Identification, evaluation, and implementation of the safest feasible approaches to meeting social needs; • Placing responsibility on originators of potentially dangerous activities to thoroughly study and minimize risks, and to evaluate and choose the safest alternatives to meet a particular need, with independent review; and • Application of transparent and inclusive decision-making processes that increase the participation of all stakeholders and communities, particularly those potentially affected by a policy choice.
We believe that effective application of the precautionary principle requires interdisciplinary scientific research, as well as explicitness about the uncertainties involved in this research and its findings. Precautionary decision-making is consistent with "sound science" because of the large areas of uncertainty and even ignorance that persist in our understanding of complex biological systems, in the interconnectedness of organisms, and in the potential for interactive and cumulative impacts of multiple hazards. Because of these uncertainties, science will sometimes be incapable of providing clear and certain answers to important questions about potential environmental hazards. In these instances, policy decisions must be made on the basis of sound judgment, open discussion, and other public values, in addition to whatever scientific information is available. We believe that waiting for incontrovertible scientific evidence of harm before preventive action is taken can increase the risk of costly mistakes that can cause serious and irreversible harm not only to ecosystem and human health and well-being, but also to the economy. Some of the ways that scientific information is currently applied in formulating policy can work against the ability to take precautionary action, for example, by misrepresenting limitations in the state of scientific knowledge. Decision-makers frequently look for high levels of proof of causal links between a technology and a risk before acting, so that their decisions will be protected from accusations of being arbitrary. But often, high levels of proof cannot be achieved, and are not likely to be forthcoming in the foreseeable future. A more complete and open presentation from scientists on the current limitations in understanding of environmental risks will encourage the acceptance on the part of government decision-makers and the public of the idea that precautionary action is a prudent and effective strategy when potential risks are large and uncertainties are large as well.
It is not only the communication between scientists and policy-makers, however, which needs improvement. We believe that there are ways in which the current methods of scientific inquiry may also retard precautionary action. For example, research frequently focuses on narrow, quantifiable aspects of problems, thus inadvertently excluding from consideration potential interactions among different components of the complex biologic systems of which humans are a part. The compartmentalization of scientific knowledge further impedes the ability of science to detect and investigate early warnings and develop options for preventing harm when far-reaching health and environmental risks are involved. Unfortunately, limitations in scientific tools and in the ability to quantify causal relationships are often misinterpreted by government decision-makers, scientists, and proponents of hazardous activities as evidence of safety. However, not knowing whether an action is harmful is not the same thing as knowing that it is safe.
We contend that effective implementation of the precautionary principle demands improved scientific methods, and a new interface between science and policy that stresses the continuous updating of knowledge as well as improved communication of risk, certainty, and uncertainty. With these objectives in mind, we call for a re-evaluation of scientific research agendas, funding priorities, science education, and science policy. The ultimate goals of this effort would include:
• A more effective linkage between research on hazards and expanded research on primary prevention, safer technological options, and restoration; • Increased use of interdisciplinary approaches to science and policy, including better integration of qualitative and quantitative data; • Innovative research methods for analyzing the cumulative and interactive effects of various hazards to which ecosystems and people are exposed; for examining impacts on populations and systems; and for analyzing the impacts of hazards on vulnerable sub-populations and disproportionately affected communities; • Systems for continuous monitoring and surveillance to avoid unintended consequences of actions, and to identify early warnings of risks; and • More comprehensive techniques for analyzing and communicating potential hazards and uncertainties (what is known, not known, and can be known).
We understand that human activities cannot be risk-free. However, we contend that society has not realized the full potential of science and policy to prevent damage to ecosystems and health while ensuring progress towards a healthier and economically sustainable future. The goal of precaution is to prevent harm, not to prevent progress. We believe that applying precautionary policies can foster innovation in better materials, safer products, and alternative production processes.
We urge governments to adopt the precautionary principle in environmental and health decision-making under uncertainty when there are potential risks, as well as to take timely preventive and restorative actions in cases where damage has been demonstrated. The elements of decision-making processes incorporating the precautionary principle, as outlined above, represent necessary aspects of sound, rational processes for preventing negative impacts of human activities on human and ecosystem health. This approach shares the core values and preventive traditions of medicine and public health.
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